Abstract-In this paper, a dual band stack series array antenna is designed for the future 28 GHz Ka-band application. Dual-layer substrate Technology is used to achieve multiple resonant frequencies with higher bandwidths. Antenna is designed based on stack array of double layer with patches and resonators in different layers. Designed dual-band antennas can resonate at single band of (28 GHz) and dual band (28 and 30 GHz). All results of the simulation are fabricated and tested. The test result shows that the antennas have high gain, wide bandwidth and higher efficiencies. Both the proposed antenna configurations have shown a good candidate for 5G millimetre wave (mmWave) application.
I. INTRODUCTION
The Fifth generation (5G) wireless technology will copeup with the increasing demand of speed and reliable network. 5G is expected to deliver improved speeds and coverage than the present fourth generation and long-term evolution (4G & LTE) facilities. Smartphones and other devices that are being used on a daily basis have reached a certain level where the applications they run generate more data than ever. To generate this amount of data with ease the wireless network that connects the devices must adjust to keep up with the pace. That is the reason why telecommunication companies are competing to switch to the fifth generation of wireless network technology.
However, there are numerous challenges to attain 5G networks. One of the biggest challenge is Mm wave. Mm wave fulfills the requirement of 5G networks because of its large bandwidth, so that's why it is considered to be one of the probable candidates for higher speed communication facilities in 5G networks [antenna 4] . A huge expansion has occurred in the case of mm wave frequency spectrum, to be more precise at 28 GHz and beyond which is basically unnoticed until recently. On October 22nd 2015, new rules have been proposed by Federal Communications Commission (FCC 15138) for wireless broadband frequencies of 28 GHz, 37 GHz, 39 GHz and 64 -71 GHz bands [1, 3, 4] . These frequencies have been targeted for 5G applications by different researchers.
Mm-Wave frequencies have some benefits such as better resolution and higher data rates when matched with applications that require lower frequency spectrum, both of these are necessary for systems which possess better proficiencies and over-all higher levels of functionality [2] . However, to design mmWave antenna and to fulfill the 5G requirement is also a challenge for researchers. To overcome the challenges of 5G researchers are suggesting different types of antennas. In this proposal the different approaches of various researches have been highlighted. The common problems these antennas seem to have is a narrow bandwidth and low overall gain and efficiency. Lots of different methods have been tried to solve these issues. A possible solution that seemed by many researchers is designing a stack array patch antenna, which increases the bandwidth and gain with the help of an array antenna.
This paper has proposed a patch antenna operating at ka band and in multiband resonant frequencies. In this design, patch antenna arrays are designed to accomplish high gain and wide bandwidth. we implied a feeding technology that is compact and wideband. The array antenna is made of two layers to accomplish a reduced topology, which permits large scale manufacture and utilizing a standard PCB fabrication process. The aggregated size of the integrated array antenna and the size of the radiating aperture are equivalent, which benefits to miniaturize the dimensions. Miniaturization and the beam width enlargement are the two main sectors [7] [8] for future 5G enabled wireless patch antennas, which by the opinions of many researchers will most likely to be operated in millimetre-wave frequencies. Some previously done work by the researchers about 5G antenna/array designs have come to light recently [5] [6] [7] [8] [9] [10] . This paper presents a single and dual band antenna design at the frequency range of 28-30 GHz. The single band antenna is designed based on stack array of double layer with a single patch and one resonator. Dual band antenna is deigned based on stack array with two patches and dual resonator. All results of the simulation are fabricated and tested. The test result shows that the antennas have high gain, wide bandwidth and higher efficiencies. components, incorporating the applicable criteria that follow.
II. STACKED ARRAY ANTENNA DESIGN
A microstrip patch antenna with a stacked design structure has been designed in order to accomplish wide bandwidth and also higher gain for 5G antenna application system. Here, the structure is two-layered and implemented so that two stacked patches can be constructed on both substrate layers with a feeding circuit which is planar and on the first substrate in the lower patches that is shown in figure  1 .
The patches in the lower state which serve as driving patches and are directly fed from a microstrip line and there is a matching circuit which matches the radiation impedance and also the feeding line (a 50 ȍ) line. The specification of this structure can also be seen in this paper [6] . Fig. 1 . 2×1 Stacked series planar array antenna [8] The antenna has been designed using two layers of Arnol Diclad 880 dielectric substrate which has a dielectric constant r = 2.17 and the thickness is 0.252 mm. The width and the length or the dimensions of the substrate are 16 mm×16 mm. The feed line is a 50 ȍ microstrip line which is attached to the patch. The lower substrate is completely grounded. The calculated dimensions were 2mm x 1.45mm of the lower layer patches (W×L) although the dimensions of the upper layer patches (WXL) are 1.8 × 1.2 mm respectively.
The equations of the transmission line is used here, which is provided by (1)- (6) in [8] . The usual equations of a rectangular microstrip antenna can be used to calculate From the 6 equations mentioned above and with the help of the computer simulation technology (CST) using the stack series array concept of 1 radiating patch and 1 resonating patch is designed as configured in fig. 1 and shown in fig. 2 . Lower layer view Fig.2 shows a stacked series antenna array geometry. An antenna with a planar feed and two stacked patches in a substrate, which has two layers and the parameters of dielectric substrates and dimensions of driving patch, radiating patch and feeding circuit. Fig. 2 presents the geometrical representation of the antenna array which is double-layered. The array antenna has been designed, simulated and optimized by Computer Simulation Technology (CST). The stack series array antenna has been designed by using with no air gaps between the two substrates. Table 1 below shows the optimized dimensions of 1×1 stack series array antenna. Fig. 4 shows gain over frequency. The x-axis shows that frequency in (GHz) and yaxis represents the gain in (dB). At 28 GHz the maximum gain obtained is 7.592 dB. Fig. 5 presents the radiation pattern of the designed antenna in single band. As similar to the single band design, dual bands are achieved using 2 radiating patches in series and two resonators. The optimization and simulation are conducted using CST. 6 illustrates the dual band stack series array antenna layout. The antenna has two layers; the top layer has two series patches which acting as parasitic element and the bottom layer has two elements with a 50 ohm feeding line. Table 2 shows the optimized dimensions of 2×2 stack series array antenna. Thickness of the patch+ ground + feeding line 0.072/ 0.035/0.017 Fig. 7 . The return loss of 2×2 stack series array antenna over frequency Fig. 7 shows the return loss versus the frequency achieved in simulations.
A numerous optimization regarding the length and width of the patch has been done during the simulation. As a result of the optimizing the dimensions, a dual band frequencies of 27.5452 GHz and 29.5605 GHz are obtained. A wider bandwidth of 2.0153 GHz is also obtained. Fig. 8 represents the gain for the operated frequency in the dual band. And Fig. 9 illustrates the simulation result of directivity for dual band antenna. Both single band and dual band antennas are fabricated using two layers of RT rogers 5880 dielectric substrate having with a dielectric constant r = 2.17 and a thickness of 0.252 mm. A 50 ohm SMA connector was used during the fabrication of the antenna. Vector Network Analyser was used for testing. VNA can be used to test from 10 MHz-50 GHz. In addition, Ka-band antenna ranges from 21-35 GHz, hence this device was used for testing purpose. The antenna fabrication has been done using VNA, the fabrication results were quite different from the simulation results and it shifted towards the right direction. However, the single band, dual band and triple band were obtained in each case. Since the frequency is 28 GHz the antenna size is much smaller, the width of the antenna is 32 mm and the length is also 32mm. It may be one of the main reason of the frequency shifting. Array antenna is very complex in terms of fabrication; the antenna has two layers which make more difficult in terms of fabrication. The thickness of the antenna is almost similar with the thickness of the papers and this makes more crucial for fabrication. Hence the precision in fabrication might be one of the significant reasons of frequency shifting.
VI. CONCLUSION
A single and dual bands antenna configurations for 5G application at Ka-band are designed. In order to achieve a wideband/ multiband antenna the proposed design has two layer substrates with series stacked patches in each substrate. The number of elements in the lower and the upper patches are being increased to obtain single to dual bands. Designed antennas can resonate at single band of (28 GHz) and dual band (28 and 30 GHz) with 0.9 GHz to 2.0 GHz bandwidth. 7.6 dB and 10.4 dB gains are also obtained in single and dual band antennas. Both antennas are fabricated, tested and compared with simulation results and found similar behaviors. The proposed antenna configurations have shown a good candidate for 5G millimetre wave (mmWave) application.
